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CLAIMS 

[c!aim ( i?A manufacture method of a depletion type semiconductor device characterized by providing the 
following that a channel field consists of a vertical mold MOSFET formed in the depth direction at the same 
conductivity type as a source field in accordance with a side wall of a slot formed in the semiconductor 
substrate surface A growth production process of a film containing an impurity of the conductivity type as a 
source field to the semiconductor substrate surface containing inner skin of said slot with same formation 
production process of said channel field A thermal diffusion production process of an impurity from this film 
[Claim 2] A manufacture method of a depletion type semiconductor device according to claim 1 
characterized by not including a production process which carries out patterning of said film between said 
growth production processes and thermal diffusion production processes. 

[Claim 3] A manufacture method of a depletion type semiconductor device according to claim 1 
characterized by for said conductivity type being N type and said film being a PSG film. 
[Claim 4] A manufacture method of a depletion type semiconductor device according to claim 1 that said 
slot is a U character mold groove, and a formation production process of this U character mold groove forms 
a LOCOS oxide film in an inside of a dry cleaning dirty production process and said initial slot for forming an 
initial slot in said semiconductor substrate, and is characterized by including a thermal oxidation production 
process for making a configuration change of the initial slot at a U character mold groove 
[Claim 5] A manufacture method of a depletion type semiconductor device according to claim 4 
characterized by said growth production process being a back [ production process / for removing said 
LOCOS oxide film /-sentiment dirty ] production process. . _ _ . _ 

[Claim 6] A manufacture method of a depletion type semiconductor device characterized by providing the 
following The 1st production process which forms an initial slot in the low concentration side surface of a 
semiconductor substrate which consists of a semiconductor layer of high concentration 1 conductivity type 
and low concentration 1 conductivity type by etching after carrying out sequential formation of silicon oxide 
and the silicon nitride A configuration change of the initial slot is made at a U character mold groove by 
forming said silicon nitride in a mask after the 1st production process completion, and forming a LUOUb 
oxide film in an inside of said initial slot. Another conductivity-types base region is formed in a surface layer 
of a field where said LOCOS oxide film was divided into a mask by U character mold groove of said 
semiconductor substrate. The 2nd production process which forms a resist pattern in a mask forms a 
conductivity-type contact-breaker-plate field besides high concentration in a surface layer of said base 
region forms said LOCOS oxide film and resist pattern in a mask, and forms a high concentration 1 
conductivity-type source field in a surface layer of said base region and a contact-breaker-plate field 
further The 3rd production process which removes a LOCOS oxide film of said U character mold groove 
covers inner skin of said U character mold groove with a film containing a 1 conductivity-type impurity the 
back after the 2nd production process completion, and forms a 1 conductivity-type channel field in 
accordance with a U character mold groove side wall of said base region by thermal diffusion of a 1 
conductivity-type impurity from this film Gate oxide is formed in the exposed semiconductor substrate 
surface which removes a film containing said 1 conductivity-type impurity, and includes a U character mold 
groove inside the back after the 3rd production process completion. The 4th production process which 
covers with a polish recon film from moreover, etches this polish recon film alternatively, leaves a polish 
recon film of said a part of source field surface and a U character mold groove, and forms a gate electrode, 
Cover with an interlayer insulation film from the semiconductor substrate surface after the 4th production 
process completion, and said interlayer insulation film and gate oxide are etched alternatively. The 6th 
production process which forms a source electrode which exposes said a part of source field surface and 
the contact-breaker-plate field surface, covers with an aluminum film from on that, etches this aluminum 
film alternatively, and is connected to said base region and a source field, and an electric target 
[Claim 7] A manufacture method of a depletion type semiconductor device according to claim 6 
characterized by for said one conductivity type being N type, and a film containing said 1 conductivity-type 
impurity being a PSG film. 

[Claim 8] A manufacture method of a depletion type semiconductor device according to claim b 
characterized by performing thermal diffusion, covered with a film containing said 1 conductivity-type 
impurity all over the semiconductor substrate containing inner skin of said U character mold groove when 
forming said 1 conductivity-type channel field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Th^technical field to which invention belongs] Especially this invention relates to the manufacture method 
of a depletion type semiconductor device that the channel field is the same conductivity type as a source 
field in the vertical mold MOSFET, about the manufacture method of a depletion type semiconductor device. 

[Description of the Prior Art] The vertical mold MOSFET which is this kind of depletion type semiconductor 
device is used for example, for optical coupling mold semiconductor relay equipment. Optical coupling mold 
semiconductor relay equipment was developed as what carried out small, high sensitivity, a high speed, 
high-reliability-ization, etc. as relay equipment instead of conventional electromagnetic-relay equipment 
changes an input signal into a lightwave signal with light emitting diode, and changes a lightwave signal into 
an electrical signal by the optical electromotive diode (PVD;Photo Voltaic Diode) array by which optical 
coupling was carried out to light emitting diode, and it makes MOSFET drive and he is trying to acquire an 
output-contact signal with this electrical signal. There are two kinds of the methods of closing motion of the 
contact of relay equipment. NOMARI opening (N. O.) and NOMARI closing (N. C ), and when the applied 
voltage to the gate is OV, the vertical mold MOSFET of the depletion type used as an ON state is used for 
NOMARI closing type optical coupling mold semiconductor relay equipment. What made this vertical mold 
MOSFET U slot MOSFET structure is proposed by JP.1 1-26761, A. A part of JP.1 1-26761 , A is quoted and 
explained to drawing 2 and the following about this vertical mold MOSFET. 

[0003]ln (c)-of drawing^ . the slot (henceforth a U character mold groove) 1 1_of a U character mold is 
formed in the surface of the N type silicon substrate 1 for the cross section. The inner skin of this U 
character mold groove 1 1 is covered with gate oxide 5, and the gate electrode 6 is formed on gate ox.de 5 
Moreover, in the surface of the N type silicon substrate 1 of the outside of the U character mold groove 11 . 
laminating formation of the P type diffusion field 2 and the N type diffusion field 3 is earned out in this order 
and the N type field which turns into the channel field 4 in accordance with the side wall of said U character 
mold groove 1 1 is formed in this P type diffusion field 2. 

[0004] Next the manufacture method of a vertical mold MOSFET is explained. As first shown in (a) of 
drawing 2 the U character mold groove 1 1 is formed in the 1 surface of the N-type semiconductor 
substrate 1 with which it is added by low concentration and an N type impurity becomes by anisotropic 
etching Next, as shown in (b) of drawing 2 , after covering the inner skin of the U character mold groove 11 
by the insulator layer 12, the P type diffusion field 2 is formed in the surface of the N type silicon substrate 

I of the outside of the U character mold groove 11. Next, the edge of the U character mold groove 11 is 
removed for the P type diffusion field 2 surface, and it is a wrap by the insulator layer 13 And diffusion or 
the low-concentration N type field which carries out an ion implantation and turns into the channel field 4 is 
formed for an N type impurity from the edge of the U character mold groove 1 1I which is not covered by the 
insulator layer 13. Furthermore an insulator layer 13 is removed, as shown in (c) of drawing 2 after forming 
the high-concentration N type diffusion field 3 used as a source field in the P type diffusion field 2 surface, 
the insulator layer 12 which had covered the inner skin of the U character mold groove 1 1 is removed and 
sequential formation of gate oxide (thin insulator layer) 5 and the gate electrode (electric conduction film) 6 
is carried out at the inner skin of the U character mold groove 1 1. And after forming the source electrode 7 
on the N type diffusion field 3, the drain electrode 8 is formed in the rear face of the N type silicon 
substrate 1 . 

[P?ob?em(s) to be Solved by the Invention] By the way, in the above-mentioned advanced technology, in an 
N type impurity, it is made to carry out by carrying out an ion implantation, and formation of the 
low-concentration N type field used as the channel field 4 has diffusion or the problem that a concentration 
gradient arises in the depth direction of the channel field 4. from the edge of the U character mold groove 

I I which is not covered by the insulator layer 13. Moreover, although how to carry out an ion implantation to 
the interior of a slot from the direction of slanting to a semiconductor substrate without taking the 
above-mentioned method is also considered, in the case of a grid-like slot, an ion implantation will be 
performed to the slot of the both-sides side of a slot, the direction of X. and the direction of Y, and while 
the ion implantation from four directions is required, there is a problem that the high impurity concentration 
of a channel field varies. This invention aims at offering the manufacture method of the depletion type 
semiconductor device which made homogeneity concentration of the channel depth direction of a channel 
field by forming a channel field in accordance with the side wall of a slot by the thermal diffusion from the 
covering film containing the impurity of uniform concentration, in order to solve the above-mentioned 
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trouble. 
[0006] 

[Means for Solving the Problem] (1) A manufacture method of a depletion type semiconductor device 
concerning this invention In a manufacture method of a depletion type semiconductor device that a channel 
field consists of a vertical mold MOSFET formed in the depth direction at the same conductivity type as a 
source field in accordance with a side wall of a slot formed in the semiconductor substrate surface A 
formation production process of said channel field is characterized by including a growth production process 
of a film containing an impurity of the same conductivity type as a source field to the semiconductor 
substrate surface containing inner skin of said slot, and a thermal diffusion production process of an impurity 

from this film. , . 

(2) It is characterized by a manufacture method of a depletion type semiconductor device concerning this 
invention not including a production process which carries out patterning of said film between said growth 
production processes and thermal diffusion production processes in the above-mentioned (1) term. 

(3) In the above-mentioned (1) term, said conductivity type is N type and a manufacture method of a 
depletion type semiconductor device concerning this invention is characterized by said film being a PSG film 

(4) In the above-mentioned (1) term, said slot is a U character mold groove, and a manufacture method of a 
depletion type semiconductor device concerning this invention is characterized by including a dry cleaning 
dirty production process for a formation production process of this U character mold groove forming an 
initial slot in said semiconductor substrate, and a thermal oxidation production process for making a 
configuration change of the initial slot by forming a LOCOS oxide film in an inside of said initial slot at a U 
character mold groove. . 

(5) It is characterized by a manufacture method of a depletion type semiconductor device concerning this 
invention being a back [ production process / for said growth production process to remove said LOCOS 
oxide film in the above-mentioned (4) term / sentiment dirty ] production process. 

(6) A manufacture method of a depletion type semiconductor device concerning this invention The 1st 
production process which forms an initial slot in the low concentration side surface of a semiconductor 
substrate which consists of a semiconductor layer of high concentration 1 conductivity type and low 
concentration 1 conductivity type by etching after carrying out sequential formation of silicon oxide and the 
silicon nitride, A configuration change of the initial slot is made at a U character mold groove by forming said 
silicon nitride in a mask after the 1st production process completion, and forming a LOCOS oxide film in an 
inside-of said initial slot. Another- conductivity-types base region is formed in a surface layer of a field where 
said LOCOS oxide film was divided into a mask by U character mold groove of said semiconductor substrate. 
Form a resist pattern in a mask and a conductivity-type contact-breaker-plate field besides high 
concentration is formed in a surface layer of said base region. The 2nd production process which forms said 
LOCOS oxide film and resist pattern in a mask, and furthermore forms a high concentration 1 
conductivity-type source field in a surface layer of said base region and a contact-breaker-plate field, After 
the 2nd production process completion, remove a LOCOS oxide film of said U character mold groove, and 
inner skin of said U character mold groove is covered with a film containing a 1 conductivity-type impurity 
the back. The 3rd production process which forms a 1 conductivity-type channel field in accordance with a 
U character mold groove side wall of said base region by thermal diffusion of a 1 conductivity-type impurity 
from this film, Gate oxide is formed in the exposed semiconductor substrate surface which removes a film 
containing said 1 conductivity-type impurity, and includes a U character mold groove inside the back after 
the 3rd production process completion. The 4th production process which covers with a polish recon film 
from moreover, etches this polish recon film alternatively, leaves a polish recon film of said a part of source 
field surface and a U character mold groove, and forms a gate electrode, Cover with an interlayer insulation 
film from the semiconductor substrate surface after the 4th production process completion, and said 
interlayer insulation film and gate oxide are etched alternatively. Said a part of source field surface and the 
contact-breaker-plate field surface are exposed, and it covers with an aluminum film from on that, and has 
the 6th production process which forms a source electrode which etches this aluminum film alternatively 
and is connected to said base region and a source field, and an electric target. 

(7) In the above-mentioned (6) term, as for a manufacture method of a depletion type semiconductor device 
concerning this invention, a film with which said one conductivity type is N type, and contains said 1 
conductivity-type impurity is characterized by being a PSG film. 

(8) In the above-mentioned (6) term, in case a manufacture method of a depletion type semiconductor 
device concerning this invention forms said 1 conductivity-type channel field, it is characterized by 
performing thermal diffusion, covered with a film containing said 1 conductivity-type impurity all over the 
semiconductor substrate containing inner skin of said U character mold groove. 

[0007] 

[Embodiment of the Invention] Below, based on this invention, the vertical mold MOSFET of one example is 
explained with reference to drawing 1 . N+ which is a high concentration 1. conductivity-type semiconductor 
layer in (e) of drawing 1 N which is mold silicon layer 21a and the low concentration 1 conductivity-type 
semiconductor layer formed with epitaxial growth on it - N of the semiconductor substrate 21 which has 
mold silicon layer 21b - The U character mold groove 31 is formed in the surface by the side of mold silicon 
layer 21b in the shape of a grid. Gate oxide 25 is formed in the inner skin of this U character mold groove 
31, and the gate electrode 26 is further formed through gate oxide 25. Moreover, the P type base region 22 
is formed in the field divided into the U character mold groove 31 of the semiconductor substrate 21 more 
shallowly than the U character mold groove 31. It leaves a part of P type contact-breaker-plate field 22a to 
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the surface layer of a base region 22, and is N+. The mold source field 23 is formed in contact with the side 
wall of the U character mold groove 31, a base region 22 is met at the side wall of the U character mold 
groove 31 and it is N. - The mold channel field 24 is formed. In addition, N after the base region 22 and the 
source field 23 grade were formed - A field [ that it continues being mold silicon layer 21b ] is N - It 
becomes the mold drain field 29. The gate electrode 26 is covered with the interlayer insulation film 30, and 
on it the source electrode 27 which consists of aluminum ranging over between each eel carries out 
electric contact of it at the source field 23 and base contact field 22a, and it is formed. Although the plane 
pattern of a vertical mold MOSFET is not illustrated, a well-known pattern can be used, for example. 
[0008] Next the manufacture method of a vertical mold MOSFET is explained. First, the 1st production 
process is N+ which is a high concentration 1 conductivity-type semiconductor layer about the completion 
back of this production process as shown in drawing 1 (a). Mold silicon layer 21a, N which is the low 
concentration 1 conductivity-type semiconductor layer formed with epitaxial growth on it - N of the 
semiconductor substrate 21 which has mold silicon layer 21b - Silicon oxide 32 is formed in the surface by 
the side of mold silicon layer 21b by the oxidizing [ thermally ] method. Furthermore, they are a nitride 33, ar 
oxide film 32 and N alternatively by the photolithography method after growing up the silicon nitride 33 with 
a CVD method on it, and the dry cleaning dirty method. - Mold silicon layer 21b is etched and the initial slot 
34 is formed in the shape of a grid. The initial slot 34 etches the depth for example, by 1 .3-micrometer aim, 
and is formed. An oxide film 32 is formed as a buffer film of the stress by the nitride 33 at the time of 
LOCOS oxidation at an after production process, and since the one where thickness is thicker becomes 
large it also makes the radius of curvature of a slot shoulder thickness from which radius of curvature 
serves as a proper value, at the same time stress is eased. Moreover, it is considering as thickness from 
which the fault on a production process does not occur since the fault on production processes, like oxygen 
passes through the damage on the nitride 33 by thickness being conversely thin although the radius of 
curvature of a slot shoulder also becomes large at the same time it reduces the stress a nitride 33 is 
formed as a mask at the time of the LOCOS oxidation in an after production process, and according L the 
one where thickness is thinner ] to nitride 33 self, or a nitride 33 occurs, but radius of curvature serves as a 

proper value. , . , 

[0009] Next, if the 2nd production process uses after the 1st production process completion and a nitride 
33 as a mask for the completion back of this production process as shown in drawing 1 (b), and it oxidizes 
the inside of the initial slot 34 thermally, for example, the LOCOS oxide film 35 of about 7000A of thickness 
is formed configuration deformation of the initial slot 34 will be carried out at the U character mold groove 
31 Then a nitride 33 and an oxide film 32 are completely removed by the sentiment dirty method the sihcor 
oxide 36 for an ion implantation is formed in about 100A of thickness by the oxidizing [ thermally J method, 
the after and LOCOS oxide film 35 is used as a mask, and the P type base region 22 is formed in an ion 
implantation and the field which thermal diffusion was carried out, was shallower than the depth of the U 
character mold groove 31, and was separated by the U character mold groove 31 for boron through silicon 
oxide 36 Then, P+ which carries out a mask with the resist pattern in the photolithography method, carries 
out the ion implantation of boron or the fluoridation boron, carries out thermal diffusion after photoresist filrr 
removal, and is contained in base region 22 surface layer Mold contact-breaker-plate field 22a is formed. 
Furthermore, it is N+ to base region 22 surface layer which carries out the mask of the 

contact-breaker-plate field 22a top with a resist pattern, carries out the ion implantation of arsenic or Lynn, 
carries out thermal diffusion after photoresist film removal, and contains contact-breaker-plate field 22a 
while using the LOCOS oxide film 35 as a mask. The mold source field 23 is formed. In addition, N after the 
base region 22 and the source field 23 grade were formed - A field [ that it continues being mold silicon 
layer 21b ] is N. - It becomes the mold drain field 29. 

[0010] As shown in drawing 1 (c), the 3rd production process the completion back of this production 
process Next after the 2nd production process completion, The LOCOS oxide film 35 in a slot 31 and the 
oxide film 36 of the semiconductor substrate 21 surface are removed by the sentiment dirty method Later, 
A CVD method covers the inside of a slot 31 , and the semiconductor substrate 21 surface by the PSG film 
37 of about 5000A of thickness, thermal diffusion of Lynn from the PSG film 37 is carried out, a base region 
22 is met at the side wall of a slot 31, and it is N. - The mold channel field 24 is formed. Although Lynn from 
the PSG film 37 is diffused also in contact-breaker-plate field 22a of an opposite conductivity type at this 
time since the concentration of the P type impurity of contact-breaker-plate field 22a is sufficiently high 
compared with the concentration of Lynn from the PSG film 37, it is not influenced. In addition, although a 
routing counter increases, it is, after covering the PSG film 37, and before carrying out thermal diffusion of 
Lynn from the PSG film 37, anisotropic etching may remove PSG films 37 other than the side wall of a slot 
31. 

[001 1] As shown in drawing 1 (d), the 4th production process the completion back of this production 
process Next, after the 3rd production process completion, Gate oxide 25 is formed in the surface of the 
semiconductor substrate 21, and the inside of a slot 31 by the oxidizing [ thermally ] method. A CVD method 
covers the inside of a slot 31, and the semiconductor substrate 21 surface by the polish recon film of about 
4700A of thickness. Then, by the photolithography method and the dry cleaning dirty method It leaves a part 
of source field 23 surface and the polish recon film of a slot 31 , and the gate electrode 26 is formed. 
[0012] Next, the 5th production process covers after the 4th production process completion, the inside of a 
slot 31 and the semiconductor substrate 21 surface with the interlayer insulation film 30 of about 17000A o- 
thickness for the completion back of this production process with a CVD method, as shown in drawing 1 (e). 
A contact aperture is formed in an interlayer insulation film 30 and gate oxide 25, an aluminum film covers bv 
the spatter from on that the back, this aluminum film is alternatively removed by the photolithography 
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method and the dry cleaning dirty method so that a part of source field 23 surface and the 
contact-breaker-plate field 22a surface may be exposed, and the source electrode 27 electrically connected 
by contact-breaker-plate field 22a and the source field 23, and ohmic contact is formed. 
[0013] According to this manufacture method, the inner skin of a slot 31 is covered with the PSG film 37, 
thermal diffusion of Lynn from the PSG film 37 is carried out, a base region 22 is met at the side wall of a 
slot 31, and it is N. - Since the mold channel field 24 is formed, concentration of the channel depth direction 
of the channel field 24 can be made regularity, and the variation in channel resistance or threshold voltage 
can be suppressed. In addition, although the front [ formation / of a channel field ] production process is 
performing formation of a contact-breaker-plate field and a source field in the above-mentioned example, 
you may be after the gate electrode formation which is an after production process. 
[0014] 

[Effect of the Invention] Since according to the manufacture method of this invention the film containing the 
impurity of the same conductivity type as a source field is grown up into the inner skin of a slot, thermal 
diffusion of the impurity from this film is carried out and a channel field is formed in a base region in 
accordance with the side wall of a slot, concentration of the channel depth direction of a channel field can 
be made regularity, and the depletion type semiconductor device which suppressed the variation in channel 
resistance or threshold voltage can be manufactured. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] u uaocct u .uuu ; e 

drawing 11 Process drawing for explaining the manufacture method of the vert.cal mold MOSFET wh.ch is 

one example of this invention. . . . . mA u 

["Drawing 21 Process drawing for explaining the manufacture method of the conventional vert.cal mold 

MOSFET. 

[Description of Notations] 

21 Semiconductor Substrate 

22 P Type Base Region 

22a P+ Mold contact-breaker-plate field 

23 N+ Mold Source Field 

24 N - Mold Channel Field 

25 Gate Oxide 

26 Gate Electrode 

27 Source Electrode 

30 Interlayer Insulation Film 

31 U Character Mold Groove 

32 Silicon Oxide 

33 Silicon Nitride 

34 Initial Slot 

35: LOCOS oxide film - 

37: PSG film 
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-C*2>*aSMO S F E TBWill %M&WL¥&#') U 

a, fBBK. wa. *««ttwi/fct©ti/"twi*s 

(PVD ; Rioto Voltaic Diode) 7 U--Ct1c:(W-^ ) S:^ 
»«^Kg*t/. COWilifKi^tMOSFETt 

i8K©«.'a©MBB©b* 1 fcK:w. y-vy • *-y"> 
(n.o.) iv-v'J • ^n-X (N.c.) ©2^81*^* 

y- h ^©EniramE* 5 o v©i * ^ >tfl& <t a s 

^ -r 7V V a >SS©tSlffiMO S F E T*ifflt.»6tx6. 
COMMOSFETSUiMOSF ETlfjit L/fct> 
©*i^B|3|iil-2676i^«:ffl* 3 iit l» 4 . C ©titSM O 
SFET(COC>-C, #gg3p.ll-26761-^©-S15 ; &E12i« 

[0003]H2©(c) icte^t, NSa^ya>Sfi 
1 ©affitc KB* 1 U 323S©» ( WT. U i t » 5 ) 
1 C©U^M?S1 l©F«9iDffi«y 

- h $[tK 5 -CtifclS 3 *rt l, y- h^<tja5±tc» 

y-h**6*J»iiS3n-ci>&. *fc. u^ssaii 1© 

9HH©N9S/y 3>a«l©«ffifcWP§9J£«(^2*5 



(3) 

3 

t * MjHg 4 i «c * N WsWJKfilE 3 tiT I > 4„ 
[0 00 4] KMOSF E T©»iS*ffi4BiW 

-T€>o ^-TH2CD (a) tcijVr J: 5tc. NSS^Ktt^fi 

Mm 1 «rW*ttiv^>ycc «fe0 #102 2 

CD (b) tCTjrTcfcSfc:. U^SStftl 1 <DrtJSffi*«MSJi 

u^sssti lowMoNM^y^a 

««2»E4* U?Sil 1©«SB«:I»1*-Clft»«l 3 

sail iol»»J:»)Nffl^*6W*tt«*fctt-f*>aA 
^ + *Jl/fR«4i3Cc4fii«K©NS««*JB«r 
£ e §e>CC*6J»Rl 3£Bfc*U H2<D (c) OC^TJ: 
5 K P §St£»«« 2 affi^ y — x DRW i ft 4 WiiKO N 

-D-C^teWWil 2«Sb, U^»l lOrtJSffifc: 

hsib^ (Pii»iBiHR) 5, h«s (&«ir) 

B*«*»J5W4. *UTN3!ffitt««3±fcy--*« 

_ >«e*j»*r4. 

[0 00 5] 

H5t?W, ^ +*^««4 £ ft *ffi«ffi<DN5^Jg©JI2E£ 
D Nm^tbm*16M& ttte A * >&A LTff ft 5 J: 0 *c 

orfeQ , * ♦ *;ua«4<o?ai3^r5itc«jK«Ba^4i; 

4*ffi4>*?L6n4^ fS^OStCDtg^, »<0KflJ 

bk x*rfi]toJ:c>'Y^o^oc*fbr^5r>ffiA 

«rtf ft 5 C t dc ft 9 , 4 6 O A * >&. A#£*t 

C > ^ raH# * 4 . W WiiBPfl 4i?^^" 4 fca& 
«: % i^fti^<D^tt»«^afM^6©l»lt»«:j: 

4c 

[0 0 0 6 ] 

[»H*ii?* , r4/c»co^a] ( i ) *#wc(*4^* 
tc y - x & n tmmmcBf& <* n/ciSM osfe 

T^6ft4f= * f 3 >Sl*3»»»«©tB6*tttc 
tH&SO^ftSfi^BS^CDy - 151 CS«SfO 

««I«£££t*ei*««i-r4. 
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(2) *^^^4-r^7'U^^3>^^*^g^ 
3i*ri^±IB ( 1 ) JRtctel^-r, m&f£&JM±9M&fo 
18 1 ©IB OcbuIBM* * * - - > 4IS*d * ft ^ 
4. 

( 3 ). afclMBtcflte?* -f ^ ^ >SS¥5Sfl*B©« 
iS*ffi«±E ( 1 ) mtcte^r. ttEOTSASNfit* 
0, «BBil#PSG«|r*4Ci*»«4T4. 
( 4 ) *^Ccfi64 fY7>^>3 >S4^ttR«Oi!! 

^r£te±§B ( i ) Jitcfct^ friast^u^sajftr* 

|*JWK LOCOS HMfcfcfcfl&iS b t W^?H4 U^52?itc 
}|5^HT4fca>Of»Blftxa4*St?Ci*«F«4-r 
4o 

(5) ^Bjcc^e-?^ y"U^>3>S¥*(*l£g<DS? 
S^TSW±SB (4) 3SCCtelir, BUSBfiSfiXg^, b?83 
LOCOSMI^^it^©^X7 ^^is 
<t 0 aiir* 4 C i «r^» t r 4o 

(6) *«?HCC«4f r -/^"U'^^3>S¥»f*Ka©»f 

<*JB^ 6 ft 4*W*a«©fi«Sffl | J*ffi*c . J/ y a >BS 

j: o »«B»«rjiarr 4m rxsri : 1 xg^TfS, Su- 

y r3 >m bK* ^ ^ OcBfrSBWRBf»©rtffitc L o c 
O SBHfcJH***-* 4 C t CcJ: 0 »«8ii*U?3!aiK:JB 
WXHl/, HuSBLOCOS^kKivx^tcfriB^zSf* 

30 «ftJI5f»L, 3 6<c«fELOCOSM{fc«iU^^h^ 
^->«r-7^^tcfrSB^-^®*Sfc*kO^>^^ 

^2X^I<b, JS2XSS7«. BulBU^M«cDLOCO 
»©«i4£flS6c J: 0 fit B^ - * ««© u ^SSWJfiCciS ^ 

7$ y v y r3 >K«riSlRW«:x ^ > yitWiBV-^W 
y-h«S4«flt-r4*4XSi. »4XSS7«, * 

= ^ ^ A BS 45SlRetl icx^>^Lt hu SB^ - X flRlMft 
j:^y-^««<t««WK:S!ttr4v--^*«*}efiJt"r 
50 ^>S6X?ii^W-r4« 



(4) 

5 

( 7 ) &mWlC%2>7 : -f l/'fa >M*2Sf*^S©M 

ii^rffii*±iE (6) igtcfc^-r. flijie-^S^N^r- 
^ffiW-hte (6) mtcio^-c. mfc-mmm**** 

[000 7 ] 1° 

(e) cctei^-c. it;?sa-^mM^5i{*ii-e$>sN+ 

•>«j3>12 1 b£4*rr*aNMttS«2 lON-Sif 

3ftT^6„ C<DU¥M*3 lCDI*3jgffitC«y- hfflE^t 
H2 5#^f£3ft. KK{blS2 5?:/M/-r^ 

- hSffi 2 6*^6X3 ftT S/c. 4^H*«>K2 1 20 

2(0*Il(cPS3>i'i' F^-XfS^i2 2 a*— 
U-CN+ S£V-*«i*2 3AiU?:§S«3 1 ©fflffiJcSSt/ 

igccvSo-cN- *^M^Mz 4#?fM;3ftTCU5„ 

©N- mw)^>M2 1 b©££©M$it3:N- 32 FU-f 
>^2 9 £fc S„ f - Hffi2 6 tiJlFom^ 30K 

■? Yffi&2 2 a itcsaffrtgMU-cjtffiX; 
3ft-C<^&„ ^tMMOSFETCD^ffi^^-MiHjnb 

[0 00 8] $Sf§2MO S F E TO«S^48iW 

>Jn>J12 1 ai, -?-©±{Cxf^ + Jl-fiSfi"CJB)<S 
3 ft fcfci*K-*«39¥* Wl -C**N-Hi";3>li 40 
2 1 bi4«t4*i»at«2 1<DN- M^V=i>®2 
1 b IWo»ffi«cj»mbffi«: J: «Q > 'J a >BMtM3 2 
(SO. H(c-?-<D±(c^';=i>^<bJIS3 3€:CVDffi(cJ: 
■5 J&53 -t±fc&, 7+h';v^77-( ffifc «fc F v -f i 
?*-j*KJ:»)a!!RW«cS<bil3 3. SHtfll3 2*sJ:tfN 
-M~>V3>IB2 1 b4i-;f>^l/tJDiI3 4£1£ 
^(CMT4. «3 4(JiS?:l?aH 1. 3 m 

mii^>rx^>^l/t^n5. ^{bJS3 2tt« 

xs-c© l o c o s mm<omu& 3 3 <,c j; zfctxom 
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3 3^XgT©LOCOSBrfbB#CD-7X^«tl/T0fi£ 
3 ti . W»*WC> « 5 3 3 S #*C J: * * « 
^5£|3ii$Cc3tJHS|J©ffl*¥(I*>**< &** 3 - ^ c 
Mm &mi> C £ «: J: SSffc«3 3 ©iMK>g{bH 3 3 5: 

<o mi agsoxgi©*^****"*"*©"?. 
xg±©^^^M=i±.r ft**a#aiEfii i a * <fc 5 

[0 00 9] #tc. »2XgttC©Xg©5E7»*:EI 1 

(b) JC7SfJ:5K. anxassxa. a{t«3 3*^ 
Zttb-cmWms 4©rtB**&ttHfcL.TW*.tfflW7 
0 0 0t>W H3-Ae«©LOCOS«J{b«3 5* 
ffJfiST -Si. tZlli 3 4 # U =P§2« 3 1 «C 3 ft 
£. ■€-©&. ^bM3 3fc<±:tf®rtbllg3 2 : £'}* » hi 

ftife©^ 'J n >SMbH 3 6 fct^tflgJl 1 0 0 
Hn-ASflOcJiafcl/'Ctt. LOCOSBMtJR3 54v 

■BAto£V?mfikl;r\J?%im3 1©?£3J^&<. u 
?^v»3 1 (CJ: D«-l»3*ifc««K:paf'<-^fR«2 2 
*^RST5. C©&. 7* h 'J V^57 YffiTOl/^ 
h £ - > "C v X i7 b x * r > IR * « *f b * ^ * -f * 

t|S2 2*®Slc^2ft£P+ S23>^^ h^-Xffll^2 
2 3e»(C LOCOS^{bfl83 5?:7^ 
^CcT^iifctC3>9^ h^-^^2 2 a_L£U^ 
X h /f $ - > t? v X i7 u X 5lt^ * tclt ') > 4 -l" * >a A 

XfigJ^2 2 a*^ty<-^^2 2^ffi@tcN+ 32V- 
^m^S2 S. ft, *<-*«i*2 2-*>V-*« 

1*32 3«f*^RR3ftfc^©N- Sf^'Ja»B2 1 b©S 
*©M«I«N- SFU-{ >f(B*S 2 9 i 

[ooio] wc, jw3xeBc©xe«c^57a*ia 1 

(c) {c^-r«t:5{c. ^2X?1S7^. 
?£CCJ:»-J^3 lrt©LOCOS^bJS3 5i#^atg 

2 l«H©BMb«3 6*^0Xa, $3 lrtfciO'^ 

^f*«« 2 i mm* c v d r£(c <t >9 w^. wmj? 5000 

t>y.X hP-Aatt©PSGK3 7-CtftgiO. psg 
BS3 7^6©-;> ; &^fii{L-C'<-X^2 2(c?«3 1 
©ffliJUccrS orN-sa^ + * 244 ffj fiST £ . c 
©£*. P SGI3 IfrW) y\XmMM^.<D^ ^ 
V h^-^««2 2 atc4>!£f&3ft£* 5 . P SGH83 7 
^ip© 1 ; >©ria(Ctb'<-Cr3>^i' h^-^Mt?!(2 2 a 
©P®^*iE%©^e*J+»lSl.>/c^l»3ft&t.>. ft. 

uttwunt s* 5 , PSGH374 *aa-c p s g m 

3 7A^6©'J>?r^ffi«crSBiiK:. S^tt* ?*>^K: 
«t^i«3 lOflWSWW©PSGR3 7%»*0Xt>J: 

[ooi i ] xic, m4T.mitc<DjLm®7t~7'&zm 1 



(5) 



(d) K^TJ:5«:, »3I8S7». *^f*S«2 l 

54Mb, fll 3 lrtfc<fctf¥8W*S*2 IS 

B*CVDJ»CJ:0«iL««»4 7 00t>^ ha- 

[0 0 12] WC, ^5Xg(iCCDX?M0^7fg^HI 1 

(e) CC^jVTJ:^ Jfl4XfI^7^ 3t3 lrtfcJitf 
¥3M*»«2 iaH4CVDffiCCj:0mtflB«l 7 0 

y-x««2 3*ffi©— »feJ:C/^>*^ h^-* 
««2 2 aaffi^Ra-rSJ:5Cc«PJ«U«K3 0*5J:C/ 

2 afcJcO c V-^««c2 3 S * *t£&tK:j:«3«Sl 

ttteEg&T*V--*«1S2 7 4W1"§« 
[0 0 l 3 ] C<30«5fi*fifetCj:ntf. «3 l CDI*!J3®£ 
. P_S GJg 3 7 L> , . P S GJR3 7 ^6®'J> 
SUt<-XW2 2«83 l<DfPJJi£WS-oTN- 3*^ 

y- x®M<DBi&Z ? + * ;t^«<DJFM<fc 0 HuXfMT'fT 



10 



20 
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[0014] 

[B 1 3 #WB<D 1 3StSW^*4tft3SMO S F E T<D 

[02 ] fi»«MO S F E T©Sljfi^S4lftB^"r 
&/c&cDXfI0o 
[W-^<DS»W] 
2 1 ¥afi<*S1§ 
2 2 PSJ^XffliS 
22a P+1^>^^F<-: 
2 3 N+SSV-X«« 
N- + 



24 
2 5 
26 

2 7 
"3 0 

3 1 
3 2 
3 3 
34 
3 5 
37 



y-*tBffi 

LOCOSBtftR 
PSGI 



*30 



[132] 



(a) 



(b) 



11 



N~ 



11 12 13 
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